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In  a  study,  mainly  in  cats,  of  the  epinephrin  discharge  caused
by  electrical  stimulation  of  the  splanchnic  nerves'  we  were  led  to
consider  the  question  whether  the  amount  of  epinephrin  liberated
by  a  given  strength  and  duration  of  stimulation  is  related  to  the
store  of epinephrin already present in the adrenals,  or is independent
of that store.  Desiring to compare  the amount liberated  in animals
whose  content  was  presumably  high  with  the  amount  liberated  in
animals  whose  content  was  presumably  low,  we  tried  to  exhaust
the store,  as  far as possible,  before  the  experiment  on the liberation
was  made,  by  some  of  the  procedures  which  according  to  Elliott2
cause  diminution  of the  epinephrin  load.  Morphine  was  tried  and
also  -tetrahydronaphthylamine,  since Elliott states that these  drugs
produce  marked  exhaustion.  But  as  in  cats  they  also  cause  wide
dilatation  of  the  pupil,  and  we  were  using  the  eye  reactions  as
one  of  the  criteria  of  the  presence  of  epinephrin  in  the  blood,  we
eventually  had  recourse  to  frightening  the  cat  by  a  dog.  Elliott
attributes  the  loss  of epinephrin  from  the  glands,  induced  by mor-
phine  and  -tetrahydronaphthylamine,  to  the  fright  occasioned  in
cats  by  these  substances.  But  he  did  not  make  any  experiments
on the effect of actual  fright,  although he says that "the most direct
* A  preliminary  note  was published  in Proc. Soc. Exp. Biol. and Med.,  1916,
xiii,  184.
1 Stewart, G. N., Rogoff, J. M., and Gibson,  F. S., J.  Pharm.  and Exp. Therap.,
1916,  viii,  205.
2 Elliott,  T. R.,  J.  Physiol., 1912,  xliv,  374.
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method of analysis would be that of inducing emotional fear at once,
as by vexing  the  cat with  a dog."  He refers  to the  experiments  of
Cannon  and  de  la  Paz'  as  supplying  evidence  of that  nature,  since
"they  showed  that  the  emotion  of  anger  or  fear  is  associated  with
the  appearance  of  adrenalin  in  the  blood  from  a  cat's  suprarenal
vein."  We do not see that an increased  liberation of epinephrin into
the  blood  would  necessarily  imply  a  diminution  in  the  epinephrin
store  of  the  glands.  Elliott  himself  has  given  an  instance  of epi-
nephrin  liberation  into  the blood  without any  change  in the  store;
namely, the liberation caused by electrical stimulation of the splanch-
nics.  We shall produce  evidence in another section of  the paper that
splanchnic  stimulation  can  induce  exhaustion  of  the  epinephrin
store,  although  far less  easily  than  morphine,  etc.  It  is,  however,
certain  that  a  considerable  amount  of epinephrin  can be discharged
into the blood  as a result of electrical  stimulation of the splanchnics
without  any  appreciable  diminution  being  produced  in  the  store.
Indeed,  the  epinephrin  passes  into  the  blood  at  a  more  rapid rate
than  when  procedures  which  distinctly  exhaust  the  store  (ether
anesthesia,  morphine,  etc.)  are  employed.  The  load  of epinephrin
present  at any given  time  in  an adrenal  would  seem merely to rep-
resent  the  balance  between  formation  and  excretion,  its  absolute
amount  giving  no index  of  the  rapidity with  which  the  epinephrin
is  built up  and  given  off.  Accordingly,  even  if  it is  assumed  that
fright  causes  increased  liberation  of  epinephrin  into  the  blood,  the
question  still  remains  open  whether  the  stock  in  the  glands  is
diminished.
As a  matter  of  fact,  we  did  not  find  that in frightened  cats  the
amount  of epinephrin  which  could  be  excreted  into the blood  in re-
sponse  to  splanchnic  stimulation  was  less  than in animals  in which
the  experiments  were  made  in  the  usual  way  without  preliminary
frightening.  Nor  did  the  assay  of  the  epinephrin  in  the  adrenals
at the end of the experiment indicate that the stock had been appreci-
ably  exhausted  by  the  frightening.  This  induced  us  to make some
observations  on  the influence  of emotional  disturbances  on  the  epi-
nephrin  content.  The  content  was assayed by the method of  Folin,
3 Cannon, W. B., and de la Paz, D., Am.  J. Physiol., 1911,  xxviii, 64.
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Cannon,  and Denis.4 They  compared  the  colorimetric  method  with
the  blood  pressure  method  in  pithed  cats  as  described  by Elliott
and  state  that  the  two  methods  gave  the  same  results.  We  made
comparisons  in two  experiments  and  found  also  a  sufficiently  close
agreement.  We  used  Ringer  extracts  of  adrenals  and  also  acid
extracts prepared  according  to the directions  of Folin,  Cannon,  and
Denis.
The  colorimetric  method  proved  to  be  satisfactory  for  the  com-
parative  estimations  with  which  we  were  alone  concerned.  Where
only small  differences  in the depth of the  tint of the extracts  of the
two  glands  were  present,  we  always  checked  the  determinations
with  the  standard  by  an observation  in which  the  extracts  of  the
two glands  were  directly  compared  with each  other in the  Duboscq
colorimeter.  The  determination  was  always  completed  within  3
minutes, at most,  after addition  of  the sodium  carbonate solution.
Elliott states that animals killed without section of the nerve supply
of  one  adrenal  show  equality  of  load in  the  two glands.  We  have
seen abundant confirmation  of  this statement,  although  occasionally
a difference  well beyond  the  limits  of  error  of the  epinephrin  assay
exists, possibly  more  frequently in  dogs  than in cats  (Table  I).  A
similar equality  was found  in animals dying spontaneously,  either of
disease  or after  operations  (Tables XIII  and XIV) when  the nerves
of both glands  were  intact.
TABLE  I.
Weight of  adrenal.  Epinephrin.
Species.  Remarks.
Left.  Right.  Left.  Right.
gm.  gm.  rg.  mg.
Dog....  0.355  0.354  0.51  0.51  Killed with amyl  nitrite and ether.
"  ....  1.485  1.720  1.64  1.80  "  by bleeding  from carotids.
Thyroid operation 24 hrs. previously.
Cat.....  0.238  0.231  0.30  0.26  Killed by  chloroform.
" ....  0.241  0.227  0.30  0.30  Shot through head.
4  Folin, O.,  Cannon, W. B., and Denis, W., J. Biol. Chem., 1912-13, xiii, 477.
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TABLE  II.
No. of  animal.  Time after  Duration of
operation.  fright.
Left.  Right.  Left.  Right.
gme.  gin.  mg.  mr.  days  hrs.
Cat I...........  0.261  0.224  0.28  0.22  5  5
"  2..........  0.326  0.250  0.24  0.25  5  5i
"  3...........  0.225  0.197  0.20  0.16  6  6
4...........  0.170  0.176  0.20  0.18  14  51
"  5...........  0.210  0.221  0.25  0.24  10  5
"  6...........  0.165  0.188  0.14  0.15  33  5
"  7.........  0.154  0.156  0.16  0.18  33  5
"8  .........  0.200  0.196  0.16  0.15  33  5
Dog 1*  .........  0.450  0.480  0.67  0.67  8  5
"  2t.........  0.625  0.621  1.00  0.92  5  5
* No.  1 was a small  dog.
t No.  2  was  a large  male  dog.  Wound  infected  superficially.  Infection  did
not extend  into the  abdomen.
Influence of Emotions on the Epinephrin  Store of the Adrenals.
In  Table  II  the  results  of  eight  experiments  on cats  and  two  on
dogs  are  given.  In the  cats  all the  fibers  coming  to  the  left  semi-
lunar ganglion,  including  the major and minor splanchnics,  had been
divided  according  to  Elliott's  method.  All  operations  were,  of
course, performed under ether  anesthesia.  Control experiments with
morphine and with  -tetra showed that we invariably produced  with
these  drugs  the differential  action  on the two  adrenals  described by
Elliott.  Confirmatory  evidence  of  the  correctness  of  our  technique
was afforded  by the marked differential  effect  observed  in a number
of  the  cats  which  died  from  various  causes  (Table  XIV).  It  can.
accordingly,  be  assumed with confidence  that the innervation  of  the
left  adrenal  in  the  cats  used  for  the  experiments  was  eliminated
sufficiently  to  show  definite  differential  exhaustion  of  the  right, had
the  emotional  disturbance  been really  associated  with  exhaustion.
Also,  the length  of  time  between  the  operation  and the  emotion experiment
was sufficient  to allow equality  of load to be reestablished  after the postoperative
depletion  of  the  unprotected  adrenal,  as  was  shown  by  control  observations.
For example,  Cat 9 was  killed suddenly 4  days after section of the fibers  coming
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to the left semilunar  ganglion.  The left adrenal weighed 0.330 gm. and contained
0.37 mg. of epinephrin; the right weighed  0.350 gm. and contained  0.37 mg.  Cat
10 was suddenly killed  33 days after section of the fibers  coming to the left semi-
lunar  ganglion.  The left  adrenal  weighed  0.186 gm.  and  contained  0.17  mg.  of
epinephrin;  the right  weighed  0.200  gm.  and  contained  0.17  mg.  of epinephrin.
The  animals  were  subjected  to emotional  excitation  for  5  to  6 hours  by the
presence  of barking  dogs.  For  this,  the  cats  were  enclosed  in small  cages  so
constructed  that it was impossible for  the dog to inflict  physical injury upon the
cat or to come in contact with it.  The  stimulation of ordinary sensory nerves was
thus  excluded  as a factor.  One  of the  observers  personally  took  charge  of  the
experiment  from  beginning  to  end.  Of  course,  the  emotions  included  fright,
anger,  fear,  etc.,  the cats showing  fight  from  time  to time.  The  usual signs  of
sympathetic  stimulation, dilatation  of the pupil, erection of the hairs of the back
and tail,  etc.,  were naturally  strongly  elicited.
In some experiments dogs previously prepared by interference  with
the  innervation  of  one  adrenal  were  used to  frighten prepared  cats,
two  experiments on emotional  disturbance  being thus done with  the
same trouble as one.  Control experiments with morphine  (Table III)
showed  that  the  operations  selected  permitted  a  good  differential
effect,  and  this was  confirmed  in the  case  of  prepared  dogs  dead  of
infections  (pneumonia)  (Table XIV).
In  Dog  2  (Table  II)  the  left  major  and  minor  splanchnics  were  cut  in the
abdomen.  In Dog 1 the same nerves were divided, but, in addition, nerve strands
coming towards the left adrenal from the lumbar sympathetic  chain were severed.
It  was shown by experiments with morphine that in dogs division  of the major
and minor splanchnics suffices to give a differential effect.  In some of our animals,
however,  to  be certain  that  enough  of the innervation  had been  eliminated,  we
excised  in addition  the  two  lumbar  ganglia  next  below  the  diaphragm  and  cut
any  strands  seen  coming  from  the lumbar  sympathetic  chain.  In  two  of  the
animals,  three lumbar ganglia were removed,  including one above the diaphragm,
which  was  perforated  for  the  purpose.  Not  all  these  animals  were  employed
for the  observations  on emotion;  but  to save repetition the  operations  used also
for the morphine  experiments,  to be discussed in the next section, are given here.
Some  of  the  morphine  experiments  are  mentioned  in  this  section,  since  they
serve  as controls to show that the  operations relied on were  effective.
It  was  found  that section  of  the major  splanchnic only  was not  sufficient  to
give  differential  protection  against  exhaustion  of  the  epinephrin  store  under
morphine  (Dog  9,  Table III).  Individual  variations, of course,  possibly exist  in
different  dogs in this regard.  In a dog (No.  17, Table XIV) dead of pneumonia,
13 days after division of the left major splanchnic,  the right gland removed  after
death was found to be exhausted relatively to  the left  (0.31  mg.  of epinephrin  as
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compared with 0.50 mg.).  In another  dog (No.  18)  also  dead of pneumonia,  14
days  after  section  of the  left  major and  minor  splanchnics,  excision  of the  two
lumbar ganglia immediately below the diaphragm, and section of the strands going
to  the  semilunar  ganglion,  marked protection  of  the load  of  the  left adrenal  as
compared  with  the right was  found  (0.30 mg.  in the left,  0.08 mg. in the  right).
There is no doubt then, that the operations  practised by us would
have  sufficed  to  reveal  a relative  exhaustion  of the epinephrin  store
in  the  gland  with  the  intact  nerve  supply  under  the  influence  of
emotions,  had such  emotions  been capable  of  causing  exhaustion.
It  will be seen from Table II that neither in the cats nor in the dogs
is  there any clear  and  constant  deficiency  in  the epinephrin  load  of
the right  (still innervated)  adrenal  as compared  with the left  (dener-
vated)  gland.  A difference  of  the same  order  of magnitude  as that
in Cat  1 may occasionally  be  seen  in  cats  suddenly  killed  without
operation  (Table I).  Our experiments  yield no evidence  that under
emotional  stress  epinephrin  is  poured  out  into  the  blood  in  such
quantities  as  to  produce  a  decided impression  upon  the epinephrin
store.  In observations  on the  spontaneous  liberation  of epinephrin
under  experimental  conditions,5 we  were  struck  by  the  steadiness
rather  than by the  mobility  of  the rate  of  discharge.  Attempts  to
produce acute changes in the rate in various ways were  always with-
out success.  We were  never fortunate  enough  to test  adrenal  vein
blood at a moment when an outburst  was taking  place.
Whether  experiments  on  the  epinephrin  content  of  the  adrenals
under  the  influence  of  emotional  disturbance  continued  for  a much
longer  time  would  yield  a  different  result,  we  have,  of  course,  no
evidence:  If the rate at which epinephrin passes into the blood were
increased  by fright it is conceivable  that the rate at which it is built
up,  accelerated  at first  to  keep  the balance  even,  would  eventually
decline,  thus  permitting  a  deficiency  in  the load  to  be  established.
Is  the Morphine Depletion in Cats Due to Fright?-If  emotion per
se  does  not  cause  exhaustion  of  the  epinephrin  store  the  question
at once  arises whether  the morphine effect  in cats ought to be attrib-
uted to associated  fright  or to  some  other  action of  the drug.  An
easy way  of  testing  this was  afforded  by  the  well  known  difference
6 Stewart,  G. N., and Rogoff, J. M., J. Pharm. and Exp. Therap., 1916, viii, 479.
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in the action  of morphine upon  cats  and dogs.  In  dogs no signs  of
fright  are,  of  course,  produced.  What  happens,  then,  to  the  epi-
nephrin load  of  the unprotected  adrenal  in dogs,  as  compared  with
that  of  the  denervated  gland,  when  morphine  is  administered?
Elliott's  result  on  morphinized  cats  is  easily  confirmed,  but it is
scarcely  more  difficult  to  prove  that  the  same  qualitative  result  is
obtained on dogs.  Accordingly we do not think that fright has any-
thing  to do with  the morphine  effect  in cats.
TABLE  III.
Morphine Effect  on Epinephrin  Store in Dogs.
~~~~Weht  of  ~Dura-
No.  of  enaof  Epinephrin.  itme  or-  u No.  of  adrenal.  after  Mor-
animal.  op~e~r~a-  phinca.  m or-  Neres  cuit.
wetion.
Left.  Right.  Left.  Right.
gm.  gm.  mg.  mg.  days  mg.  hrs.
3  0.468  0.506  0.83  0.67  3  125*  7  Majorand minor splanchnics.
4  0.430  0.384  0.67  0.37  4  125  8  "  "  "  "
5  0.280  0.284  0.36  0.23  10  150  8  "  "  "  "
6  0.372  0.420  0.42  0.30  15  75  8  "  "  "  "
and  2 lumbar  ganglia  and
chain  excised  below  dia-
phragm.
7  0.550  0.565  0.30  0.21  11  80  8  Major  and  minor  splanch-
nics, 2 ganglia  below,  and 1
above  diaphragm.
8  0.711  0.754  0.97  0.98  150  7{  Control.  No  operation.
9  0.435  0.466  0.50  0.50  10  150  8  Major splanchnic  only.
10  0.346  0.380  0.33  0.27  12  150  8  Only  major  splanchnic  cer-
tainly cut.
* Morphine was  given in two doses in all the
it was  given  in one  dose.
animals, except  No.  3,  in which
Table III illustrates  the  results obtained  with  morphine in dogs.
Remembering  that  section  of  the  major  splanchnic  alone  does not
protect,  or at least not  constantly  (Dogs  6 and  7),  the  reader  will
see  that there  is uniformly  a  definite  deficiency of  epinephrin  in the
right  (innervated)  gland  as  compared  with  the  left  (denervated)
gland.  A control  animal (No.  8) morphinized  for 7  hours  (without
operation)  had  an equal load  in the two  adrenals.
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TABLE  IV.
Control Dogs Suddenly Killed.
Weight of
No. of  adrenal.  Epinephrin.  Time after
animal.  operation.
Left.  Right.  Left.  Right.
gm.  gm.  mg.  msg.
11  0.640  0.627  1.50  1.20  20hrs.  Major and minor splanchnics.
12  0.400  0.408  0.72  0.72  9 days.  "  " " 
13  0.640  0.550  0.83  0.83  4  "  "  "  "  "
In Table IV results are shown on control dogs, with major and minor
splanchnics cut, which were killed without being subjected to the action
of morphine.  The load in the  two adrenals  is seen to be  equal,  ex-
cept in Dog 11,  which was killed 20 hours after the operation.  In this
animal,  as will be  shown  in the section  on the postoperative  deficit,
the deficiency  in the right (unprotected)  adrenal no doubt represents
merely  the  deficiency  invariably  seen after  an  operation  and  which
has not been recouped in the short interval of 20 hours.
That signs which might be interpreted  as those of fright are present
in  cats  under  morphine  is,  of  course,  not  doubtful.  Whether this
interpretation  is  correct  might  be  difficult  to  decide,  and  does  not
concern  us  here.  It  is,  however,  of interest to note that  epineph-
rin seems to have nothing to do with those signs.
The  signs  of morphine  fright  can all  be elicited by administering
morphine  to  a  cat in which one  adrenal  has been  removed  and the
splanchnic  supply of the other cut and in which accordingly  no liber-
ation  of  epinephrin  through  the  splanchnics  takes  place.  A  cat in
this  condition  behaves  identically  in the  same way  as a  cat whose
adrenal  splanchnic  supply  has been  cut  on one  side but left  intact
on  the other.  The pupils are  widely dilated  and  there  is  the  same
characteristic  restlessness  and  incessant  movement.  The  content
of epinephrin in the remaining  adrenal of the first cat is found  to be
practically  the  same as  that of  the adrenal  removed  before  the  ad-
ministration  of morphine, while the content of the adrenal with intact
splanchnic supply in the second  cat is definitely  diminished.
The  dilatation  of the  pupil  of  the  denervated  eye,  and  the pilo-
motor  effects  associated  with  fright  and  anger  were  also  observed
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in cats after removal of one adrenal  (right)  and section  of  the  nerves
of the other, when  the animals were frightened by a dog and in other
ways.
Observations  were  made  on  four  cats  (Table  V)  in  this  way.
TABLE  V.
Cats with  the Right  Adrenal Removed  and Nerves  of the  Left  Adrenal Cut.
Weight of  adrenal.  Epinephrin.  Time after No. of  Time after  Remars.
animal.  - I _  operation.
Left.  Right.  Left.  Right.
gn.  gm.  mg.  mng.  days
11  0.316  0.302  0.25  0.30  1  Died.
12  0.280  0.280  0.19  0.28  9  ,  n
13  0.270  0.250  0.28  0.14  3  Killed by ether.
14  0.220  0.168  0.08*  0.18  37  "  after experiments.
* The left adrenal was massaged before removal, in the course of an experiment.
They  all  yielded  the same  results.  Sudden  fright,  as  by hitting  or
jerking the  holder, caused dilatation of both  pupils  instantaneously;
that  is,  after  an  interval  too  short  to  be  measured  with  a  stop-
watch and  certainly  far shorter  than the interval required  when  re-
actions  are evoked  in a denervated  eye by epinephrin.  Frightening
by a dog also caused good dilatation of the pupil on the side on which
the  superior  cervical  ganglion  had  been  removed,  as well  as  of  the
normal pupil.  In certain animals the dilatation produced by fright was
sometimes  even  greater  than in  the  normal  eye,  although  in other
observations  on the same animals it might be less.  In other animals
the  dilatation  although  quite  marked  was  never  so  great  as  in the
normal eye.
When  the animals  were  etherized the pupil  of the denervated  eye
in every case dilated more widely than that of the normal eye.  The
same  was true  when  a  moderate  degree  of  asphyxia  was  produced.
In some of the animals repeated observations were made on the effect
of  fright,  asphyxia,  and  etherization  at different  periods  after  the
operation up to 5 weeks, always with the same result.  In one of the
cats (No. 14) an experiment  was eventually made to determine whether
any detectable  amount of epinephrin was  being given off in the blood
of  the  adrenal  vein, with  an entirely negative  result.5
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No  difference  could  be  seen  in the pupil  and  pilomotor  reactions
between these animals and control cats in which one superior  cervical
ganglion  had  been  excised  without interference  with the  adrenals.
In  cats  our  observations  on  the  effect  of morphine  upon the epi-
nephrin  store  of  the  adrenals  agree with  Elliott's.  For  example,  in
Cat  15  the connections  of  the left semilunar  ganglion  were  cut and
5 days later  50  mg.  of morphine were  injected.  After  8  hours  the
cat  was  killed.  The left  adrenal weighed  0.212  gm.  and  contained
0.24 mg.  of epinephrin.  The  right  adrenal  weighed  0.209  gm. and
contained  0.14 mg. of epinephrin.
In interpreting  the depletion  of the store  seen after  the long  con-
tinued  action  of  morphine,  ether,  urethane,  and  other  anesthetics
the possibility must not be lost sight of that the rate  of formation or
of accumulation  of epinephrin  in the adrenal  may  be diminished  by
the drugs.  This  would  cause  depletion  of the  store  if  the  rate  of
liberation  continued  unchanged,  just as  surely  as  an  increased  rate
of discharge  would  cause  depletion  if the rate  of formation  remained
the same.
Is the Depletion of the Epinephrin  Store under the Influence of B-Tetra-
hydronaphthylamine in Cats Due to Fright?-Elliott  has  shown  that
in  the  cat  fl-tetrahydronaphthylamine  causes  marked  depletion  of
the  epinephrin  store  of an  adrenal  whose nerve  supply  is  intact  as
compared  with  its  fellow  whose  nerve  supply  has  been  previously
severed.  We  can  confirm this statement.  For example,  in  Cat  16,
3 days  after section of the nerve  supply on the left side  3  cc.  of a  2
per  cent solution  of the  drug  were  injected.  After  8  hours  the  cat
was  killed.  The left adrenal  weighed  0.240 gm.  and  contained  0.22
mg.  of  epinephrin.  The  right adrenal  weighed  0.200 gm.  and  con-
tained only a trace  of epinephrin.
Elliott associates the exhaustion  of the epinephrin store in the cat
with  the  emotional  alarm  indicated  by  the behavior  of  the  animal,
the wide dilatation  of the pupil, etc.  Having found reason to doubt
the  interpretation of the morphine  effect on cats as due to emotional
disturbance,  the  obvious suggestion  occurred  to  us  to try the  effect
of  -tetra upon the epinephrin store in the rabbit, an animal in which,
according to Mutch and Pembrey,6 the symptoms "give the impression
6 Mutch, N., and Pembrey, M. S., J. Physiol., 1911,  xliii, 109.
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that  the drug  produces  a state  of  increased  psychic activity  accom-
panied by muscular action appropriate to the emotions."
It  did  not prove  easy, however,  to devise  an operation  which  gave with  con-
stancy  a  good differential  effect  on the  two  adrenals.  According  to  Kahn7 and
to Nishi,8 the right adrenal in the rabbit seems to derive from the left splanchnic a
portion  of the  nerve supply  concerned  in changes in the  epinephrin  store and in
the  liberation  of epinephrin.  Nishi  was led to this conclusion  by investigations
on the glycosuria  and hyperglycemia caused by diuretin, and Kahn by the results
of his experiments on the relation of the adrenals to puncture glycosuria.
We  tried  a number  of  different  operations  to  see  whether  such  a differential
effect on  the epinephrin  store  as that  described in the  section on the  postopera-
tive deficit,  or as that  caused by urethane, ether,  and  morphine  in cats and dogs,
or by 8-tetra in cats could be produced.
TABLE  VI.
Experiments on  Rabbits in Which  the  Right Major and Minor Splanchnics Were
Divided.
Weight of  Epinephrn.  Time
No. of  adrenal.  pipin.  between
animal.  operationrks.
Left.  Right.  Left.  Right.  and death.
gm.  gm.  mg.  mg.
1  0.176  0.152  0.16  0.14  14 days.  Killed without drugs.
2  0.160  0.160  0.10  0.10  11  "  "  "  "
3  0.362  0.300  0.23  0.23  7 hrs.  "  "  "
4  0.290  0.240  0.13  0.12  14 days.  3 cc.  2  per cent  B-tetra,  8  hrs.  before
being killed.
5  0.250  0.224  0.11  0.10  11  "  5  cc.  2  per  cent  -tetra,  7  hrs. before
being killed.
6  0.175  0.180  0.10  0.11  14  "  50  mg.  morphine,  8  hrs.  before  being
killed.
Table VI shows  the results of experiments  in which the right major
and  minor  splanchnics  were  divided  in  the  abdomen.  As  will  be
seen,  the results were negative.  Even in Rabbit 3, which was killed
7  hours  after  the  operation,  the  content  was  precisely  the same  in
the  two  adrenals.  In  other words,  there  was  no  postoperative  de-
ficit  in the  left  adrenal  after  section  of  the  right major  and  minor
7 Kahn, R. H., Arch. ges. Physiol., 1911, cxl,  209.
8 Nishi, M.,  Arch. exp. Path. u. Pharm., 1909,  xi, 401.
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TABLE  VII.
Experiments on Rabbits in  Which Yhe  Left Major and Minor Splanchnics
Were Divided.
Remarks.
Major and minor splanchnics cut.  50 mg.
morphine, 8 hrs. before being killed.
Major and  minor  splanchnics cut, and  1
ganglion  near  lumbar  vein  cut out.
Died spontaneously.
Major  and minor splanchnics  and strand
from lumbar  chain  cut.  70  mg.  mor-
phine  in  2  doses,  9  hrs.  before  being
killed.
Major and minor  splanchnics cut.  5 cc.
2 per cent  -tetra,  6 hrs.  before  being
killed.
Major and minor splanchnics  cut.  5 cc.
2 per  cent 8-tetra,  8 hrs.  before  being
killed.
Major  and  minor  splanchnics torn  from
origin  through  diaphragm  and  first
2 ganglia below diaphragm excised.  5
cc.  2  per  cent  8-tetra,  8  hrs.  before
being killed.
Major  and minor splanchnics, 2 ganglia,
and  strand  from  chain  cut.  5  cc.
fl-tetra, 6 hrs.  before  being  killed.
Major and minor splanchnics and 1  strand
cut.  5 cc.,  -tetra,  9 hrs.  before  being
killed.
Major  and minor splanchnics  and 2 gan-
glia  cut.  5 cc.  -tetra,  8 hrs.  before
being killed.
Left  semilunar  ganglion  excised.  5 cc.
fS-tetra, 8 hrs. before  being killed.
Major and minorsplanchnics cut.  Killed
as control.
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Weight of
adrenal. Epinephrin. No. of
animal.
7
8
9
10
11
12
13
14
15
16
17
Left.
gm.
0.390*
0.280
3.400
0.276
3.309
0.296
0.250
0.300
0.220
0.200
0.116
Right.
gm.
0.250
0.270
0. 280
0.218
0.270
0.270
0.216
0.300
0.180
0.161
0.104
Left.
mg.
0.13
0.11
0.20
0.17
0.18
0.11
0.20
0.20
0.18
0.16
0.11
Right.
mg.
0.14
0.10
0.13
0.18
0.16
0.11
0.14
0.20
0.16
0.15
0.10
Time after
operation.
3  days.
I day.
14  days.
5 
3  "
11  "
12  "
14  "
14  "
3  "
2 hr.t
* Edema of left adrenal.
t From beginning  of  anesthesia  till  end  of  operation,  25  minutes.  Animal
killed  a hr.  after operation.  The time  is too  short  for  a  decided  postoperative
effect.
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splanchnics,  the operation  affording  no  protection  to the  epinephrin
store of the right gland as compared  with that of the left.
The Epinephrin  Store in Postoperative  Edema of the Adrenal.-Divi-
sion of the left major and minor splanchnics was next performed on a
series of  rabbits.  Sometimes,  in addition,  strands  seen coming  from
the  lumbar  chain  were  divided  and  lumbar  ganglia  excised.  The
results  are  shown  in Table  VII.  They  are  complicated  to  a  con-
siderable extent by the fact that edema, to which the rabbit's adrenals
seem  to  be  susceptible  after  operations  in their  vicinity,  developed
in  some  of  the  experiments.  This  edema  is  associated  with  great
depletion  of  the  epinephrin  store  of  the  affected  gland.  After  a
time the  edema disappears  and the  epinephrin  reaccumulates.  It is
obvious  that if  observations,  on the effect  of morphine  or  of l-tetra
for example, are made on an animal in which edema of the left adrenal
is  still  present,  a  genuine  diminution  in the  epinephrin  content  of
the  right gland  may  be  completely  masked.  In  spite  of this  com-
plication,  however, Table VII indicates that section  of the left major
and minor splanchnics  does, in some  rabbits at least,  produce a real
differential  effect,  in  contrast  to  the  entirely  negative  results  on
section  of  these  nerves  on the  right  side  shown in Table  VI.
Thus,  in Rabbit  9,  which  received  morphine  14  days  after  the operation  the
left  adrenal  contained  0.20  mg.  and  the  right  only  0.13  mg.  It  is  practically
certain  that  the other  morphine  experiment  in the table  (Rabbit  7)  would have
shown  a similar result  but for the  edema  of the  left  gland,  which  was  marked.
Control observations  prove that a  gland with  this degree of edema,  3 days after
operation,  never  contains  nearly  so  much  epinephrin  as  its  fellow.  There  is,
therefore, every reason to believe  that before the morphine  was given the content
of  the right  adrenal  in  this  animal  was  considerably  higher  than  that  of  the
left.  Since  after  the  morphine  period  there  is  practical  equality  in  the  two
glands,  a  considerable  depletion  of  the  store  must  be  assumed  to  have  taken
place.  In the dog and cat we have not seen the occurrence of edema of an adrenal
in consequence  of  an  operation in its neighborhood.  Nor  was  there  any edema
in the  right  adrenal  of  the rabbit  in  the  experiments  in  which  the  right major
and  minor splanchnic  nerves  were  severed,  possibly  because  the  nerves  on the
right  side were  divided somewhat  farther  from the  gland than  those on the left
side  and  there  was  accordingly  less  risk  of  interference  with  the  lymphatics  of
the  right gland.  It is also  possible that  the mere  section  of the nerves  is a  fac-
tor in the development  of edema,  and if  the right  adrenal  in the  rabbit  derives
part of its innervation  from the left splanchnics,  division of the right splanchnics
alone would  not be so likely to affect  it.
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We  next  tried  division  of  the  fibers  between  the  left  semilunar
ganglion  and the adrenal,  combined with free separation of the gland
from the surrounding  connective  tissue by passing  a blunt dissecting
instrument  around  the greater part of its circumference,  in the hope
of destroying most of the innervation of the left adrenal while leaving
intact  such part,  if any,  of  the innervation  of  the  right  adrenal  as
may come  from the left splanchnic.  As  expected, edema of the gland
developed,  with the  concomitant  decrease  in  the epinephrin  content
already  alluded  to,  only  the  merest  trace  being  sometimes  found.
When a  sufficient  interval was  allowed  to elapse  the  edema  cleared
up  and  the  store  of  epinephrin  was  replenished.  The  results  are
shown  in  Table  VIII.  The  marked  postoperative  deficit  seen  in
Rabbit  22,  killed  5 hours  after  the  operation,  shows  that  the  left
gland  was  well  protected  relatively  to  the  right  by  the  operation.
Edema of the left had not had time to develop in the few hours which
had elapsed.  In Rabbit  21,  killed half  an hour  after  the operation,
no postoperative  deficit  was  shown,  the time  being too  short.  This
indicates that the marked depletion of the stock of epinephrin through
the  splanchnic  nerves  which  follows  surgical  operations  develops
gradually.  A number of the animals  were killed as controls to deter-
mine  the  time  necessary  for  recuperation  of  the epinephrin  store.
In 7 days (Rabbit  18) the content of  the left adrenal was not yet equal  to that
of the right.  In 4 days  (Rabbit  20) the  depletion associated with the edema had
reached its maximum, only a trace of epinephrin  being present  in the left adrenal.
In 1 day (Rabbit 19), on the  other  hand, the left  adrenal contained if anything,
rather  more  than  the right,  the  postoperative  effect  on  the  right  (innervated)
gland  in  all  probability  having  not  yet  entirely  disappeared,  and  the  edema
effect on the left not having attained its maximum, as is  indicated by the relatively
small  excess  of weight  of the  left gland.  In Rabbit  28,  which,  like  Rabbit  20,
showed marked  edema of the left  gland after 4 days, no epinephrin reaction what-
ever was obtained  from that gland.
Such  observations  as  were  made  with  E-tetra  and  with  morphine  and  other
drugs on animals prepared  in this way  did  not  yield decisive  results for our im-
mediate purpose, as, in the absence  of a sufficient  number of control animals kept
for several weeks, it is not possible  to be sure that equality in the epinephrin con-
tent  of the two glands had been reached before  the drugs were administered.
The results,  however,  seem  worthy  of  being  recorded  because  of
the way in which they illustrate the depletion of  the epinephrin store
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TABLE  VIII.
Experiments on Rabbits in Which  the Nerves  between  the Left Semilunar Ganglion
and the Gland Were Divided and the Gland Was Separated
from the Surrounding Tissue.
Weight of  Epinephrin.
No. of  adrenal.  nern.  Time  afterRemars.
Left.  Right.  Left.  Right.
gm.  gm.  mg.  mg.
18  0.304  0.173  0.22  0.33  7 days.  Killed without drugs.
19  0.170  0.134  0.13  0.11  1  day.  "  "  "
20  0.440  0.210  Trace.  0.24  4 days.  "  "  "
21  0.252  0.210  0.24  0.27  hr.*  it  " 
22  0.140  0.146  0.11  Trace.  5 hrs.  "  "  "
23  0.154  0.120  0.12  0.12  15  days.  3  gm.  urethane  61  hrs.  before  being
killed.
24  0.175  0.156  0.11  0.11  17  "  Ether for 2½  hrs.  Died of ether.
25  0.390  0.330  0.20  0.15  4  "  5cc. 2 per cent/  -tetra.  Died in 6 hrs.
26  0.180  0.122  0.14  0.12  7  "  3cc. 2 per  cent  fB-tetra,  8 hrs. before
being killed.
27  0.190  0.152  0.21  0.21  14  "  3  cc. 2 per  cent  ji-tetra,  8  hrs.  before
being  killed.
28  0.310  0.200  0.00  0.11  4  "  50 mg. morphine,  8  hrs.  before  being
killed.
29  0.326  0.228  0.14  0.24  7  "  50 mg.  morphine,  6  hrs.  before  being
killed.
* From beginning  of anesthesia till end  of operation was  hr.  Animal killed
½  hr. after operation.
by conditions  leading  to  edema  of  the  glands  after complete  or at
least extensive  section  of  their secretory  nerves  and  the  rate  of  re-
cuperation  of  the  store  of  the  denervated  glands.  It  is  probable
that  if  the animals  were kept  longer  the  operation  could  be used  to
make tests  for  differential  effects  on the  two  adrenals.
Finally we  tried division  of the nerves between the semilunar  ganglion and the
left  adrenal, with,  in addition,  section of any  strands seen  coming from the  lum-
bar sympathetic  towards  the  adrenal  and  excision  of.  one  or two  of  the  sym-
pathetic  ganglia next  below the  diaphragm.  Care  was taken to avoid, as far as
possible,  interference  with  the  gland.  This  operation  gave  the best  results  as
regards  constancy  of  effect,  although  even  here  the marked differences  so  easily
obtained in dogs and cats were not  seen.
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TABLE  IX.
Experiments on  Rabbits, in All  of Which the Nerves Were Divided between the Left
Semilunar Ganglion and the Adrenal without Disturbance of the Gland.  In
Some of  the Animals Portions of the Lumbar S3mpathetic Chain
Were  Also  Cut  or  Excised.
Epinephrin.
Right.
mg.
0.14
0.20
0.13
0.08
0.22
0.16
0.16
Time after
operation.
14 days.
10  "
9  I
21  "
20  "
11  "
86 hrs.
Remarks.
5  cc.  2  per  cent #-tetra,  8
hrs. before  being killed.
5  cc.  2 per  cent  8-tetra,  8
hrs. before  being  killed.
2  ganglia  nearest  diaphragm
excised.  5  cc. 2  per cent
B-tetra, 8 hrs.  before being
killed.
Strands  crossing  aorta  cut.
5  cc. 2 per cent $-tetra, 82
hrs.  before  being  killed.
1  ganglion  just  below  dia-
phragm  excised.  5  cc.  2
per  cent  -tetra,  8  hrs.
before being killed.
1  ganglion  just  below  dia-
phragm excised.  5 cc. 2 per
cent #-tetra,  8 hrs. before
being killed.
Strands  crossing  aorta  cut.
Killed as  control.
* In Rabbit 33 the left adrenal was found bound down by firm adhesions.
Table  IX illustrates  the  findings.  In Rabbit  36,  killed to  determine  whether
a  postoperative  deficit  had  been  established  in  the  right  (innervated)  gland,
a positive  result  was obtained,  although the  difference  was by no means  as  large
as is often found in rabbits when one adrenal  is excised  and the other with its in-
nervationi  intact  left  in for several  hours longer  (Table XI).
A number  of experiments  were  made  with  5-tetra on  animals prepared  in this
way.  While in most  cages some  deficiency in the epinephrin  content  of the  still
innervated  gland  was  found  after  the  action  of  65-tetra,  it  was never  nearly  so
great as in cats.
In Rabbit 33 the low content (0.08 mg.)  in both adrenals is worth noting.  The
left gland was  considerably larger than the right and  was still, although 3  weeks
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Weight of adrenal. No. of
animal.
30
31
32
33
34
35
36
Left.
gm.
0.324
0.300
0.188
0.140*
0.380
0.220
0.356
Right.
gm.
0.276
0.260
0.155
0.103
0.400
0.182
0.314
Left.
rng.
0.18
0.24
0.15
0.08
0.22
0.20
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had elapsed since the operation, bound down by adhesions.  It  is probable,  there-
fore,  that  the  epinephrin  store  had  not yet  reached  the  initial  amount.  If  so,
since  the  right  gland  also  contained  only  0.08  mg.  after fl-tetra  had  acted  for
8½ hours,  the  drug  must  have  caused  some  depletion  in  the  unprotected  right
adrenal.  In  cats  after  Elliott's  operation  on  the  connections  of the semilunar
ganglion,  we  have not seen  any edema, and, as he states, equality of the epineph-
rin content  of  the  two  glands  is  soon  established.  In one  cat  (No.  17),  how-
ever, which  was  killed  as  a  control,  11  days  after  the  operation  on  the  nerves
of the left adrenal, the gland  was found  firmly bound down by adhesions and the
epinephrin  content  was  decidedly  less than that  of  its fellow.  The  left adrenal
weighed  0.398  gm.  and  contained  0.22  mg.  of  epinephrin.  The  right  adrenal
weighed  0.371  gm. and contained  0.33  mg. of epinephrin.
This is a  very exceptional result and was probably due to the  fact  that we hap-
pened  to cut a vein in the vicinity, and in securing  it some dissection was needed.
Such an experiment  would,  of  course,  be  rejected  as a  control.
As regards the question raised concerning  the way in which  -tetra
causes  exhaustion  of  the epinephrin  store  in cats,  it is  evident that
these  observations  do not lead  us  to the same  definite  conclusion  as
in  the  question  concerning  the  mode  of  action  of  morphine.  The
results, indeed, might be interpreted  as in favor of Elliott's view that
the emotional disturbance in the cat is the efficient factor,  since signs
of such disturbance are less marked in the rabbit.
It  must  be  kept  in mind,  however,  that  the  rabbit  has  a  more
limited range in the expression  of  emotion  than  the  cat, and  P-tetra
certainly  produces  excitation  of  sympathetic  and  other  mechanisms
which  may  be  concerned  in  this  expression.  The  pupil  is  widely
dilated,  the  pulse  and  especially  the  respiration  are  markedly  ac-
celerated.  There  is  cutaneous  vasoconstriction,  the  ears  being
distinctly  cool  and  the  ear  vessels  narrowed.  Usually  the  animals
show  restlessness  and  sometimes  stamp  with  the  hind  feet.  The
rectal temperature in  our observations  rose 0.7-10C.
The contrast between  a rabbit under morphine  and a rabbit which
has received 0-tetra is great.  Yet it  is easier to demonstrate diminu-
tion of the epinephrin  store in the rabbit by morphine than by 0-tetra.
While  our  observations  on morphine  seem  to indicate  clearly  that
fright  is not an essential  factor  in the morphine  depletion,  it would
be unwarranted  to claim  that our observations  on  #-tetra  show that
fright  is  not  the  cause  of  the  epinephrin  depletion,  so  convincingly
demonstrated by Elliott in the cat, under  the influence  of that drug.
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It may be permissible to point out, however, that one drug (morphine)
which  causes  different  emotional  phenomena in the cat and dog pro-
duces  the  same  effect  on  the  epinephrin  store,  while  another  drug
(p-tetra)  which  causes  in  the cat  and rabbit emotional  effects  of  the
same general quality and, perhaps,  if the difference  in the emotional
development  of  the  two animals  is  taken into  account,  not  so  very
unequal in degree,  affects the epinephrin store  very differently.
Comparison of the Epinephrin Load of  the  Two  Adrenals in Rabbits
when Removed at Different Times.
Some  experiments  on  rabbits were  made  in which the  left adrenal
was first excised, and the right subsequently,  after varying periods of
time.  The results  are shown in Table X.  It  will be seen  that in the
five animals killed without drugs (Nos. 37,  38, 39, 40, and 41) the right
adrenal contains  more epinephrin  than the left contained  at the time
of  excision.  Where  the  difference  is small it could  be  accounted  for
TABLE  X.
Experiments on  Rabbits to Determine the  Load  of  the  Right  Adrenal at  Varying
Intervals after Removal of the Left.
Weight of adrenal.  Epinephrin.  Interval
animal.  - _____  - l  betweenxcisi  Remarks.
Left.  Right.  Left.  Right.  2 adrenals.
gm.  gin.  mrg.  mag.  days
37  0.454  0.470  0.22  0.28  14  Killed without drugs.
38  0.162  0.190  0.10  0.13  14  "  "  "
39  0.312  0.324  0.14  0.22  17  "  "  "
40  0.420  0.346  0.16  0.33  26  "  "  "
41  0.270  0.176  0.13  0.17  18  Abscess at  site of operation,
but  superficial.  Killed
without drugs.
42  0.158  0.164  0.16  0.16  16  50  mg.  morphine,  7  hrs.
before  removal  of  right
adrenal.
43  0.450  0.640  0.22  0.47  16  5 cc. 2 per cent #-tetra, 9 hrs.
before  removal  of  right
adrenal.
44  0.288  0.350  0.18  0.33  16  5 cc. 2 per cent B-tetra, 9 hrs.
before  removal  of  right
adrenal.
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by the diminution of the epinephrin load in both adrenals even during
the short  operation necessary  for removal  of  the  left adrenal.  But
such  a  difference  as that  seen  in  Rabbit 40,  in  which the  interval
between  the  removal  of  the two  glands was  greatest  is  too large  to
be  explained  in this way.  In Rabbit  44  this factor  was taken into
account  by  removing  the  second  adrenal  by  an operation  which  in
duration  and technique as nearly as possible duplicated the first oper-
ation.  It  must,  therefore, be concluded that the load of the remain-
ing adrenal  in most  of  the animals  is increased  above its amount at
the time of excision  of the first gland.  More observations,  especially
with  longer  intervals,  would  be -necessary  to  make  sure  that  the
remaining adrenal can accumulate  more  epinephrin than is ever seen
in one adrenal when both  are  present.  A  glance  at the other tables
which give results on rabbits will show that the number of high loads
of  the right  adrenal in Table X is unusually  great for  the number  of
animals,  and  this is suggestive.
The  experiments  were originally  undertaken  with  the  idea  that  if  the  right
adrenal regained  only its initial  content  after  the  operation  the  animals  could
be employed for testing  the action of substances like morphine  or #-tetra on the
epinephrin store.  The fact that the load increased so much rendered this method
too uncertain.  The difference in the result in Rabbit 42 which received morphine,
and  Rabbits  43  and 44  which  received  -tetra,  is  nevertheless  striking.  The
preponderance  of the content  of the right adrenal in the last two experiments  as
compared  with  the  left  indicates  strongly  that the  influence  of  -tetra  in dis-
charging the right adrenal was at any rate not great.  On the other hand, unless
Rabbit 42  was the  single  exception  among  the eight  animals in the  table,  some
discharge  of the right adrenal must have been  occasioned by  the morphine,  since
the content after morphine was just the same as that of the left adrenal.
Postoperative  Depletion of the Epinephrin  Store.
The fact has already been alluded to that during and for some time
after operations  a more or less  progressive decline takes place  in the
epinephrin  store  of an adrenal  whose  nerve  supply is intact  as com-
pared  with  its  denervated  fellow.  The  phenomenon  was  well  il-
lustrated in experiments in which one adrenal was removed, and then
after varying intervals of time  the other.  The exact opposite  of the
results  shown  in Table  X is  then seen;  that is, a marked  deficiency
in the  second  adrenal  as  compared  with  the  first.  For example,  in
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Rabbit 45  (Table XI) the left adrenal  was excised  and contained 0.37
mg. of  epinephrin.  The  wound  was  sewed  up,  the whole  operation
lasting 20 minutes, and after 8½  hours the right adrenal was removed.
It  contained  only  0.13  mg. of  epinephrin.
TABLE  XI.
Experiments Showing Postoperative Depletion of Epinephrin  Store of One Adrenal
as Compared with the Other Removed at Operation.
No. of animal.
Rabbit 45......
Cat 18.........
19 ........
Rabbit 46......
"  47......
"  48......
"  49......
Cat 20.........
"  21 ........
"  22.........
Dog. 14........
"  15........
Weight  of adrenal.
Left.
gm.
0.394
0.220
0.205
0.318
0.092
0.267
0.380
0.240
0.225
0.230
0.354
0.352
Right.
gm.
0.384
0.218
0.238
0.314
0.084
0.238
0.408
0.300
0.258
0.221
0.453
0.360
Epinephrin.
Left.
mg.
0.37
0.18
0.22
0.20
0.14
0.11
0. 28
0.33
0.22
0.26
0.67
0.38
Right.
mg.
0.13
0.14
0.25
0.11
0.08
0.09
0.12+
0.20
0.14
0.26
0.42
0.30
Interval
between ex-
cision of
2 adrenals.
82  hrs.
5  "
2 days.
6f hrs.
7  "
8
6
7
8
8
7
Remarks.
5 cc.  2  per  cent  -tetra,
62  hrs.  before  being
killed.
50 mg. morphine,  7  hrs.
before  being killed.
50 mg. morphine, 62 hrs.
before  being  killed.
50 mg.  morphine,  8 hrs.
before  being  killed.
50 mg. morphine,  6 hrs.
before  being  killed.
50 mg. morphine,  7 hrs.
before  being killed.
Right  adrenal  excised
and  nerves  of  left
adrenal  cut.  50 mg.
morphine 8 hrs. before
being killed.
175 mg.  morphine 8 hrs.
before  being killed.
200 mg. morphine 7 hrs.
before  being  killed.
This  great depletion  was  assuredly not present  at  the end  of  the
operation,  as  shown  in  other  experiments.  Etherization  for  20  or
30  minutes  does  not produce  a great  impression  on the  store  of  an
adrenal removed  at the end of that time.  Unless, then,  the depletion
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is an after-effect  of the short  etherization, which  does not seem likely,
it  must  be  due  to  some  other  factor,  probably  the  sensory  stimu-
lation  acting  during the  postoperative period.
Similar  results  in  animals  with  one  gland  protected  by  section  of  its nerves
have  already  been given  in other tables;  for  example,  Rabbit  22  (Table VIII).
5 hours after section of the nerves of the left adrenal, the animal was killed.  The
right adrenal contained  only a trace of epinephrin,  the left 0.11 mg.  In the same
table  and in Table VII  examples  are given where  in half an hour after the  oper-
ation practically no  postoperative  difference  was present.
The  recuperation  of the store is usually  evident  in 1 day, although it  may not
then be complete.  For instance,  in Cat  19  (Table XI),  2 days  after removal  of
the  left adrenal  the right  contained  0.25  mg.  as compared  with  0.22  mg.  in  the
left.  Probably  the  difference  represents  about  the amount  by  which  the  store
of  the  left  adrenal  was  diminished  during  the  short  operation  for  its  removal.
Many  of  the  animals  received  morphine  immediately  after excision  of  the first
adrenal  (always  the left except in Cat 22),  and one (Rabbit  46) received rS-tetra.
The  effect,  if any,  of these  drugs  is  complicated by  the postoperative  depletion.
Cat  22  shows  how  completely  section  of  the  nerve supply  of  an adrenal  pro-
tects  the store  even against  the combined  effect  of  the operation  and morphine.
All  preparations  having  been  made  to  insure  almost  simultaneous  removal  of
one  adrenal  and  denervation  of  its  fellow,  the  right  adrenal  was  excised  in 5
minutes,  and  the nerves  of the left adrenal  were  cut within  the  next  2 minutes.
Even  after  8 hours,  the  epinephrin content  of  the  left adrenal  was precisely  the
same as that of the right; namely, 0.26  mg.
In  Table  XII  are  given the results  of  assays  of the  adrenals in a number of
experiments  on the liberation  of  epinephrin into the blood.'  All except  the first
show a relatively low content, since the nerves were cut in the course of the experi-
ment,  usually  some  hours  after  the  beginning.  Where  the  innervation  of  one
adrenal is  divided after several hours  of experimentation,  so great a depletion of
the  epinephrin  store  of  both  glands  has  already  taken  place  that  subsequent
division of  the nerves of the other, an hour or two later, does not generally estab-
lish such  a striking difference  between  the two glands as when the nerves  on one
side  are severed  at the beginning.
In  Table  XIII  are  shown the  epinephrin  assays  of the  adrenals  obtained in
other  experiments  on  liberation  of  epinephrin.  In these  the  innervation  of the
glands  was  not interfered  with.  Equality  of  content  in the two  adrenals  of  the
same  animal  is  well  shown.  While  there  are,  of  course,  variations  in  the  dif-
ferent  animals,  the average  content  is lower  than  that of  the  cats  in  Tables  I
and II.
729730  EPINEPHRIN  CONTENT  OF  ADRENALS
TABLE  XII.
Depletion of the Epinephrin  Store of the Innervated Adrenal during Physiological
Experiments.
Remarks.
Connections  of  right  semilunar
ganglion  cut  11  days  before
experiment.
Connections  of  right  semilunar
ganglion  cut  15  days  before  ex-
periment.  Used  for  liberation
experiment  and died  during  the
experiment.  In  poor  condition;
abortion  the  day before.
Right major and minor splanchnics
cut 31 hrs. after beginning  of ex-
periment.
Right  sympathetic  (in  thorax)  cut
21  hrs. after beginning of experi-
ment.  Left  sympathetic  cut  2i
hrs.  later.
Right sympathetic  (in thorax) cut 3
hrs.  after  beginning;  left  sym-
pathetic  cut  I hr.  later.
Both sympathetics cut in thorax, 21
hrs. after beginning.
Both sympathetics  cut  1 hr. after
beginning.
Both sympathetics  cut  5 hrs. after
beginning.  1 hr.  later,  adrenals
massaged.
Both sympathetics  cut  3 hrs. after
beginning.
Both  major  splanchnics  cut 4  hrs.
after beginning.
Right  sympathetic  (in  thorax)  cut
4} hrs. after beginning,  left  sym-
pathetic  1  hrs.  later.
Weight of
adrenal. Epinephrin.
No. of animal.
Cat 23........
"  24........
25........
"  26.......
"  27........
"  28........
"  29........
"  30......
31.......
"  32.......
Dog 16  .....
Dura-
tion of
experi-
ment.
hrs.
5
5
4
6
41
5{
Left.
grM.
0.260
0.230
0.204
0.197
0.140
0.204
0.120
0.221
0.24
0.185
0.524
Right.
gm.
0.286
0.230
0.211
U0.201
0.14(
0.21
0.122
0.221
0.234
0.20(
0.56
Left.
mg.
0.18
0.17
0.10
0.14
0.11
0.17
0.18
0.13
0.18
0.11
0.41
Right.
mg.
0.25
0.28
0.17
U.10
0.11
0.18
0.18
0.14
0.16
0.09
0.37
- - - -
- -
:  : 
￿
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TABLE  XIII.
Epinephrin  Content in Cats Used for Experiments under Urethane and Ether without
Section of Nerves to Adrenals.
Weight of adrenal.  Epinephrin.
No. of animal.  _  |  _experiment.
Left.  Right.  Left.  Right.
gm.  gm.  mg.  mg.  hrs.
33  0.178  0.164  0.14  0.14  5t
34  0.294  0.290  0.17  0.16  4
35  0.226  0.224  0.20  0.19  31
36  0.256  0.238  0.20  0.19  4
t
37  0.330  0.364  0.18  0.20  5t
Depletion of Epinephrin Store of  the  Innervated as  Compared with
That of the Denervated Adrenal in  Animals,
Dead of Infections, Etc.
The  opportunity  of  making  these  observations  was  afforded  by
the death, from various causes, of a certain number of animals whose
adrenal  nerve  supply  had  been  cut  on  one  side.  The  results  are
given in Table XIV.  Complete or  almost complete depletion  of the
epinephrin  store  of  the  still  innervated  gland  was  far  more  fre-
quently observed in this group than in any of the experimental groups.
Infections of various kinds (pyogenic in Cats 38 and 41, pneumonia
in  Dogs  17  and  18)  caused  particularly  marked  depletion.  It  has
been  stated  by a  number  of observers  that  the adrenals  in animals
killed by  various  infections  are  poor  in epinephrin.  Elliott2  found
a small epinephrin load in persons dead of various septic fevers.  The
results cited in Table XIV show clearly that this depletion  is brought
about,  in great part at  any rate,  through the  nerves  supplying  the
adrenals.  It  is  not  possible  to  say  from  these  results whether,  in
addition, there  is any direct  action of  the poisons on the glands.
In  a cat  (No.  43)  dead  of distemper  the  epinephrin  content was
quite low  (0.09  mg.), but in another  cat  (No. 42),  dead of  the same
disease,  the load was  fairly high  (0.28 mg.),  although perhaps  not as
much  as would  have been  expected in a healthy  animal of  the same
size.  The cat was exceptionally  large, as were also  the adrenals.
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TABLE  XIV.
Depletion of  the  Epinephrin Store of  the  Innervated Adrenal in Animals  Dead
from  Infections, Etc.
Remarks.
Connections  of  left  semilunar  ganglion
cut 8 days before death  from infection
(peritonitis).
Connections  of  left  semilunar  ganglion
cut 5  days before death from unknown
cause.  Cat  emaciated  and  in  poor
condition  before  operation.
Connections  of  right semilunar  ganglion
cut 2 days  before  death from unknown
cause.  Cat in same condition as No. 39.
Connections  of  right  semilunar  cut  25
days  before death.  General infection;
abscess in wound in neck and in flank;
eyes  infected.
Died of distemper  14  days  after excision
of left superior cervical ganglion.
Died of  distemper  6  days  after excision
of  left superior  cervical  ganglion.
Left major splanchnic cut  13  days  before
death  from pneumonia.
Left major and minor splanchnics,  2 lum-
bar  ganglia,  and  connections  of  celiac
ganglion cut 14 days before  death from
pneumonia.
T  r,  1  A  _  ~~A  A..ls
Left arena  excise  3 aays  oeeore  death
from unknown cause.
The  Effect  of Electrical Stimulation of the  Splanchnic Nerves  on  the
Epinephrin  Store.
Elliott has stated  that stimulation of  the splanchnics  by induction
shocks  for  periods varying  from  3 to  7 hours produces  only  a slight
effect  on  the  epinephrin  content.  Stimulation  was  applied  for  a
few  minutes  at  a  time  followed  by  a  few  minutes  of  rest.  "When
the nerve was faradized  continuously  for a period  of 2 hours  the loss
was  almost inappreciable."
Our observations  confirm  those  of  Elliott,  in  as  far  as they  show
that it is much more difficult  to demonstrate  depletion by splanchnic
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adrenal. Epinephrin.
Left.  Right.
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mng.
Left.
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0. 18
0.31
0.17(
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No. of  animal.
Cat 38.......
"  39 ......
40........
"  41........
"  42........
"  43........
Dog 17  ..
18........
Rabbit 50.....
Right.
gm.
0.191
0.304
0.198
0.300
0.402
0.272
0.570
0.350
0.210
U.  1
0.09
Trace
0.08
0.28
0.09
0.50
0.30
0.09
0
Race.
0.13
0.14
0.28
0.09
0.31
0.08
Race. 
.39(
0.278
0.530
0.360
0.200
----------- . _
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rng.
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stimulation  than  under  the  influence  of  ether,  operations,  etc.,  de-
spite the fact that more epinephrin  is liberated in a given time during
appropriate  stimulation  of  the nerves  than  is  liberated  under  anes-
thetics  without  stimulation.  The  difficulty  of  showing  depletion
with splanchnic stimulation is, therefore,  not due to the small amount
liberated.  We cannot see any other explanation than that splanchnic
stimulation  also increases  the rate of  accumulation of  the epinephrin
in the gland.
Continuous  stimulation  of the  splanchnic  is  not suitable  for producing  deple-
tion, nor is stimulation  for several  minutes at a time  with intervals  of rest.  For
we have  seen in experiments  on liberation  of epinephrin  into the  blood that  the
amount excreted  rapidly declines  when stimulation is  kept up.
However,  by  stimulating  only for  a  few  seconds  at a time,  with  intervals  of
1 or  2 minutes'  rest,  and continuing  the experiment  over  many  hours  we  have
been  able to demonstrate  distinct  depletion of  the gland whose  nerve was excited
as  compared  with the  other.  The  reactions  of  the  denervated eye  were used to
control the efficiency  of the stimulation.  A strength and duration  of stimulation
was chosen which gave good but not maximal  dilatation of the pupil, and the rest
intervals were increased or diminished from time to time, so as to keep each  stimu-
lation effective.
In Table XV is given a  condensed protocol  of an experiment  on  a cat in  which
over 300  successful  stimulations of the right sympathetic trunk (with the splanch-
nic)  in  the  thorax  were  made.  The  amount  of  epinephrin  liberated  by  each
stimulation  was  estimated  by  determining,  at  different  times  throughout  the
experiment,  the  amount  of  adrenalin  which  had  to  be  injected  to give approxi-
mately  a  pupil  dilatation  of  the  same  magnitude,  and  beginning  at the  same
time  interval,  as the  dilatation caused  by the  liberated  epinephrin.  Both  sym-
pathetics  were  divided  simultaneously  in  the  thorax,  so  that  the  glands  were
under  equal  conditions,  except  for  stimulation  of  the  nerves  of  the  right.  At
the  end  of  the  experiment  the  left adrenal  weighed  0.159  gm.  and contained
0.20 mg.  of  epinephrin,  and  the  right  adrenal  weighed  0.181  gm. and contained
0.08 mg. of epinephrin.
The  assays by  adrenalin  solution  of  the  amount  of epinephrin  liberated  from
the  right adrenal  into  the  blood  yielded  the  following  results.
Epinephrin  liberated  by  316  stimulations,  0.31  mg.
Adrenalin
Time.  No. of  correspond-  Total stimulations.  ing to each  epinephrin.
stimulation.
mg.  mg.
3.10-5.01  p.m ...................................  47  0.002  0.09
5.04-7.28  p.m  ...................................  95  0.0013  0.12
7.32  p.m.-12.15 a.m ..............................  174  0.0006  0.10
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With  the  short  time  of  each  stimulation  and  the  relatively  long
intervals of rest,  it is  to be  supposed that the power  of  the  adrenal
to  respond  to  stimulation  of  its  nerves  was  conserved  as  much  as
possible.  Nevertheless,  the  diminution  in the  response,  which  was
not apparent for a long time during the earlier part of the experiment
became more marked  as time went on.  This is strikingly illustrated
in the  table  showing  the amount  of  liberated  epinephrin.  The  174
stimulations  in the  last period  yielded  only  0.10  mg.  of  epinephrin,
while  forty-seven  stimulations  of  the  same  duration  (5  seconds)
yielded  in the  first  period  of  the experiment  0.09  mg.  Add  to this
the  fact  that  the  strength  of  stimulation  had  to  be  considerably
increased  in  the latter part  of  the  experiment,  as  shown  by  the  di-
minished distance between the coils given  in the protocol.
The load of  the right adrenal at  the time the nerves were  cut may
be  taken at 0.20 mg.,  the same as that of the left.  This represents a
good load for these  small adrenals  (the cat weighed  only a little over
2 kilos),  especially  as  some  loss  must  have  occurred  in  the  hour
after  the administration  of urethane  before  the nerves were divided.
The  right adrenal  gave  off  to  the  blood  0.31  mg.  of  epinephrin,  of
which  0.12  mg.  could  have come  from the store.  This is on the as-
sumption  that no epinephrin  whatever is liberated  in the absence  of
innervation.6 An  amount  approximately  equal  to  the  initial  load
must have been formed in the time  the experiment lasted.
In  other  experiments  lasting  for a  shorter  time we  have not been
able to obtain evidence  of depletion  of the  store by splanchnic  stimu-
lation.  In one with over fifty stimulations,  each of which caused the
liberation  of  enough  epinephrin  to  elicit  good  eye  reactions,  no  de-
ficiency  in the store  of  the stimulated  gland was  found,  although in
the 4 hours of the experiment  an amount  of epinephrin  not less  than
the maximal load  of a single  gland in the cat had been given off by it
to the blood.
-It  is  possible  that  in prolonged  experiments  the  capacity  of  the
adrenal to form epinephrin at an increased rate in response to splanch-
nic  stimulation  is lessened, and that this is the reason why depletion
of  the  store can  then be  demonstrated.
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TABLE  XV.
Condensed Protocol.  Cat 44, Weight 2.25 Kilos.  Superior Cervical  Ganglion Excised
17 Days before.  Animal Pregnant.  Cannulas in Right Femoral Vein and
Trachea.  Unless Otherwise Mentioned, Time of Stimulation
Was Always 5 Seconds.  The Left Sympathetic Was
Stimulated Only Once.
Interval be-
tween  be-
ginning  of Time.  stimulatio
and of pupil
dilatation.
P). M  .
1.40 ................  Urethane,  3 gm. by stomach tube .................
2.20 .................  A little ether.  No more ether during experiment....
2.45 ................  Both sympathetics  (with splanchnic)  ligated and cut
in thorax ...................................
3.10 .................  Stimulated  left  sympathetic  (11  cm. between coils).  9.6
3.30-4.08 ...........  Stimulated  right sympathetic  (3-5 sec.)  (9-10 cm.)
10 times..................; ..................  6.6-7.8*
4.08 .................  Adrenalin  injections.  Same pupil reactions given by
0.3 cc. (1: 140,000)t
4.094.27 ..........  Stimulated right sympathetic (9 cm.)  15 times .......  6.0-7.2
4.27 ...............  Adrenalin injections.  Reaction, 0.3 cc..............
4.28-4.36 ...........  Stimulated right sympathetic  (9  cm.)  6 times ........  7.4-8.8
4.36 ...............  Adrenalin  injections.  Reaction,  0.3 cc.............
4.40-4.46 ..........  Stimulated  right sympathetic  (9 cm.) 5 times ........  7.6-8.2
4.47 ................  Adrenalin  injections.  Reaction,  0.3 cc..............
4.49-5.01 ...........  Stimulated right sympathetic  (9 cm.)  11  times .......  6.8-7.8
5.02 ................  Adrenalin  injections.  Reaction,  0.3 cc..............
5.04-5.21 ...........  Stimulated right sympathetic  (9 cm.)  14 times .......  7.2-8.0
5.22 ..............  Adrenalin injections.  Reaction, 0.25 cc.............
* The time  interval  of the pupil  reaction  was constant  throughout  the experi-
ment.  Only  the  minimum  and  maximum  times  are  given  in  this  column  for
the various series  of  stimulations.  The  times for  the pupil  reactions yielded  by
these  10  stimulations  may be given  as  an  example  (7.4,  7.0,  7.4,  7.8,  7.8,  7.2,
7.2,  7.6,  6.6,  7.2).  The  number  in parenthesis  after  stimulation  gives  the  dis-
tance  between the  coils in cm.
t Only  the  quantities  of  adrenalin  found in  the  trial  injections  to correspond
with the effects  of the  splanchnic  stimulations are reproduced  from the protocol.
The adrenalin  solution  was  itself assayed.  The  corrected  concentration  is what
is given  in the  protocol.  A  freshly made  solution in 0.9  per  cent sodium  chlo-
ride  was  used  for  each  assay.  The  adrenalin  solution  injected  was  always  a
1:140,000.  The  concentration  of  the  solution  is  therefore  henceforth  omitted
in the protocol.
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TABLE  Xv-Concluded.
Time.
5.25-5.36 ...........
5.38 ................
5.40-5.59 ...........
6.00................
6.02-6.18...........
6.20 ................
6.22-6.36 ...........
6.40 ................
6.42-6.53...........
6.58  ...............
7.00-7.28  ..........
7.31  ...............
7.32-7.50 ..........
7.54 ...............
7.55-8.10 ..........
8.12 ...............
8.15-8.38: ..........
8.40 ...............
8.42-9.20 ..........
9.22 ...............
9.26-9.48 ...........
9.50  ..............
9.53-10.25 .........
10.27 ..............
10.30-10.50 ........
10.53 ..............
10.55-11.30 ........
11.34 ................
11.37 p.m.-12.15 a.m
12.15 a. m...........
Stimulated right sympathetic (9  cm.) 8 times........
Adrenalin injections.  Reaction, 0.2 cc..............
Stimulated right sympathetic  (9 cm.)  15 times.......
Adrenalin injections.  Reaction, 0.2 cc..............
Stimulated right sympathetic  (9 cm.)  13 times.......
Adrenalin  injections.  Reaction, 0.2 cc .............
Stimulated right sympathetic  (9 cm.)  12 times.......
Adrenalin  injections.  Reaction,  0.2 cc  ............
Stimulated right sympathetic  (9 cm.) 7 times........
Adrenalin  injections.  Reaction, 0.2 cc..............
Stimulated right sympathetic (9 cm.) 26 times.......
Adrenalin  injections.  Reaction,  0.2 cc..............
Stimulated right sympathetic  (9 cm.)  18 times.......
Adrenalin  injections.  Reaction, 0.1 cc..............
Stimulated right sympathetic  (8 cm.)  13 times.......
Adrenalin  injections.  Reaction,  0.1 cc..............
Stimulated right sympathetic  (8 cm.) 20 times.......
Adrenalin  injections.  Reaction,  0.1 cc..............
Stimulated right sympathetic  (7.5 cm.)  26 times.....
Adrenalin  injections.  Reaction,  0.1 cc..............
Stimulated right sympathetic  (7.5 cm.)  14 times.....
Adrenalin  injections.  Reaction,  0.1 cc..............
Stimulated right sympathetic  (7.5  cm.) 24 times.....
Adrenalin  injections.  Reaction,  0.1 cc..............
Stimulated right sympathetic  (7.5  cm.) 16 times.....
Adrenalin  injections.  Reaction, 0.1  cc  ............
Stimulated right sympathetic (7.5  cmn.)  23 times.....
Adrenalin  injections.  Reaction, 0.1 cc..............
Stimulated right sympathetic (7.5  cm.)  20 times.....
Adrenalin injections.  Reaction,  0.1 cc..............
Circulation good'up to  the end  of the experiment;  the heart was  beating well,
although the  pulse was  gradually becoming  more  rapid  toward the  last  hour of
the experiment.
The left adrenal weighed 0.159 gm. and contained 0.20 mg. of epinephrin.
The right adrenal weighed 0.181  gm. and contained 0.08  mg. of epinephrin.
Interval be-
tween  be-
ginning of
stimulation
and of pupil
dilatation.
sec.
7.2-8.2
6.6-8.6
6.8-7.4
6.4-7.2
7.0-7.4
6.6-7.2
6.2-7.2
6.2-8.8
6.4-7.8
6.4-7.8
6.8-8.0
6.8-7.8
6.4-7.8
6.8-8.8
6.8-9.0
- E
-
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SUMMARY.
1. No  evidence  has been  obtained  that in cats  and dogs with  the
nerves  of  one  adrenal  cut,  emotional  disturbances  cause  depletion
of  the epinephrin  store  of the  normally  innervated  adrenal  as  com-
pared with its fellow.
2.  The  depletion  of the  epinephrin  store in  cats  under  morphine
is  not  dependent  upon  so  called  morphine  fright,  since  a  similar
depletion  is found in dogs in which,  as is known,  morphine produces
symptoms  the reverse  of those of  fright.
3.  The signs of morphine fright can all be elicited by administering
morphine  to a  cat in which one  adrenal  has been  removed  and  the
nerve supply of the other cut, and in which accordingly no detectable
liberation  of  epinephrin  takes  place.
4.  The  reactions  of the  denervated  iris elicited  by  emotional  dis-
turbance,  asphyxia,  or  etherization  in a  cat,  one  of  whose  adrenals
has  been  removed  and  the  nerves  of  the  other  cut,  do  not  differ
from these  reactions in cats whose adrenals  have not been  interfered
with.
5.  The influence of postoperative edema of the adrenal in diminish-
ing  the  epinephrin  load,  and  the  recuperation  of  the  load  after  a
time, have been studied  in rabbits.
6.  The  diminution  in  the  epinephrin  store  of  the  adrenals  which
follows  operations  on  animals  (postoperative  depletion)  has  been
studied.  It  is  only  in  part  associated  with  the  anesthesia,  since
it may be as marked  6 or 8 hours  after an operation lasting less than
1 hour  as after  6 or  8  hours'  anesthesia  without operation.
7. One adrenal was  removed in rabbits and the epinephrin content
of  the  remaining  gland  assayed  at  varying  periods  of  time  after
removal of the first, the periods being  longer than the time necessary
for recovery from the postoperative depletion.  In general, the second
adrenal  contained more  epinephrin  than  the first,  sometimes  double
the amount.
8.  Marked depletion  of the epinephrin store of innervated  adrenals
as compared  with  the corresponding  denervated  glands  was  seen  in
animals dead of infections of various kinds.
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9.  As  shown  by  Elliott,  diminution  of  the  stock of  epinephrin  in
the  adrenal  through  electrical  stimulation  of  the splanchnics  is  not
easy to demonstrate,  despite the fact that the liberation of epinephrin
into the blood  is notably  increased  by the stimulation.  With short
periods  of  stimulation,  however,  repeated  over  a long time at  inter-
vals  just long  enough  to  prevent  fatigue,  it has  proved  possible  to
demonstrate  a distinct depletion.